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Abstract fabrication procedures. Furthermore the effort should first
be devoted to the more expensive and complex elements

As part of an R&D program to develop an input powePf the coupler, which are mainly RF windows and
coupler for the TESLA project, a 1.3 GHz travelling wavevaveguide to coax transitions.
window was designed, fabricated and tested. The main Concerning RF windows, it was decided to
advantages of this window are a reduced electric field abncentrate on disc type windows, since we believe they
the brazing location, low dielectric losses and protectiggresent the highest potential for cost reduction, due to
of the ceramic from the direct view of the electrongheir Simp|er geometry. Two types were designed,
coming from the cavity. Two versions of this windowfapricated and tested: the2 window [3] and the TW
were fabricated (one with titanium as the outer conductofingow. This paper concentrates on the latter. The first
and one with a copper outer conductor). The t'tan'u%a\rt of the paper presents the design of the TW window.
version was tested up to 1 MW (l ms), .bOth at roo w level RF measurements compared with SUPERFISH
temperature and at 100 K. The design of this window, arrt 71 simulati th . Bef di ina hiah
the results of the high power tests are presented in thi 1 simulations are then given. before discussing nig
paper. power tests, bot.h at room and liquid nitrogen tempe.r'atulre,
the test stand is described as well as the conditioning
procedure.
1 INTRODUCTION
Within the TESLA collaboration R&D effort, the CEA 3 DESIGN OF THE TRAVELLING

and IN2P3 are involved in a power coupler development WAVE WINDOW
program, that was first presented at EPAC96 [1]. The
power test stand was presented together with the firSt1 Design considerations

experimental results in reference [2], while the test of ?h t of TW wind first d b
very simpleA/2 window was reported at the last PAC € concept o wingow was Mirst_proposed Dby

conference [3]. The present paper concerns the desi sakov [12], and the application tq the TESLA co_up!er
fabrication and high power tests of a 1.3 GHz travellin as sugge_sted by Hanus ar_nd I\(Ios_mer [13]. The_prmmple
wave (TW) window. f a TW window is to establish inside the ceramic a pure

travelling wave. This is done by a matching inductive or
capacitive component located on both sides of the
2 FRAMEWORK ceramic, so that the impedance of this element loaded by
In a superconducting linear accelerator, input powedx coaxial line is equal to the impedance of the ceramic. A
couplers are one of the key components, to which specglbbal matching of the window would lead to some
attention has to be given in order to ensure guarantesthnding wave inside the ceramic and thus to an increased
performances and full reliability. Since the beginning ofield when compared to the pure travelling wave. For
the TESLA R&D effort through the TTF project, a lot ofexample, in reference [14], it is shown that a TW window
work has been done on power couplers both at Fermilaliiows one to reduce the maximum field inside the
[4-6] and DESY [7-10]. However, two strong reasongeramic by a factor 4 when compared to a half-wave
argue in favor of more endeavor: (1) cost reduction iresonant window, and a factor of 2 versus the maximum
view of the fact that several thousand couplers are needggeld in the waveguide.
for TESLA, and that the prototype couplers are expensive For a coaxial type window, the easiest way to achieve
pieces of equipment, (2) performance increase linked to pure travelling wave in the ceramic, is to use a
the concept of the superstructure proposed by dapacitive iris on both side. This approach was followed
Sekutowicz [11]. These two reasons are driving the R&lh reference [13] and also leads to maximum field inside
effort being made by the French collaboration. It ishe ceramic a factor of 2 smaller than the field on the
believed that drastic cost reduction requires work iner conductor of the coaxial line. The resulting
several directions: simplification of the design, reductiogeometry has however two drawbacks: it is difficult to
of the number of fabrication steps, simplification ofachieve a practical mechanical assembly and electron or
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X-rays coming from the cavity might strike the ceramic.nose" of the coupling gap and its value is 2 times the

This latter effect proved to be harmful for the CEBAHield on the inner coax conductor.

couplers [15]. Though the geometry is significantly more

favorable in the case of a coaxial coupler, when compar@i2 Mechanical design

to CEBAF waveguide couplers, it is interesting to try to , i , ,

imagine a window that would not allow such directThe vv_mdow was fabricated n the following way: the

impact of cavity electrons or X-rays. ceramic was first brazed to an inner anq .outer collar. The

collars were than welded to the remaining parts of the

conductors. Two different materials were used to

ANRANA fabricate the outer conductor: titanium and copper. In

SN 7 7 R both cases, the inner conductor was made of copper. The

I \ two windows, referred thereafter as the "titanium" and
//% "copper" windows were fabricated by SICN [16]. Wesgo
i ///,////////, SIS

AI300 alumina (97.5 % purity) was used. The brazing

[El [MV/m]

[\
V2

7 fﬂ was done in such a way that braze material didn't leak
onto the ceramic or the conductor. Both faces of the
! ceramic were coated before brazing with a thin layer of
TiN (target value 5 nm) deposited by magnetron
sputtering.

| | 4 LOW LEVEL RF MEASUREMENTS

i | Figure 3 shows the measured and simulatedc@ve
Figure 1: Sketch of the travelling wave window around the operating frequency for the two windows.
Figure 4 shows the high frequency part of the curve (up

. . L . to 7 GHz), for the titanium window. The bandwidth
Reducing the maximum electric field inside the ceramigy, roshonding to a VSWR of —20 dB is 60 MHz.

and at the triple point (ceramic, metal, vacuum), together
with shielding the ceramic from cavity electrons and X-

rays, lead us to the design of the TW window shown in | actualgsomety for i window ¢ = 8.5 (Sperfioh simuiation)
. . . . . n ] --¢--low level RF CuTw d
flggre 1. The ceramic is h|Qden in an .out_er cavity", jowi level RE measurement ou T window
which can be viewed as a piece of coaxial line of larger 2o 71— 17 1 " [ "
inner diameter short-circuited and coupled to the main \
coaxial line through coupling gaps. The larger inner -1s <2~ et
diameter allows us to obtain a maximum field at the triple e, ‘\\ e
point and inside the ceramic which is only 25% of the; -20 o e
maximum field on the inner conductor of the 61.8 mm:; N L E /
. . . F ‘\ S /f(}
diameter coaxial line. 25 : : Q\ S
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04 b % N . ,,,,,,,,, S Figure 3: Measured and simulateg &rve around 1.3
N s GHz
02 A 2 N R
R S U I A O PR S S PO The simulations are done with SUPERFISH [17], using
40 30 20 -10 0 10 20 30 40 a mesh size of 0.5 mm. The measured curve is well
reproduced (as far as the minimum SWR is concerned)
when rounded edges necessary, for mechanical
Figure 2: Electric field envelope in the ceramic diskabrication, real dimensions obtained from measurements
region for 1 MW incident power and true dielectric constant of the ceramic are used. This
dielectric constant valuee € 9.5,to be compared to the
Figure 2 shows the flat field envelope inside the ceramigalue given by the vendor=9) is deduced from the
which is a distinctive mark of a TW window. The measurement of the minimum SWR obtained for a half-
maximum field inside the window is reached on thavavelength disk window made of the same ceramic.

axial position [mm]



----- low level RF measurements Ti TW window

Superfish simulation of actual geometry for Ti TW window
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Figure 4: Comparison between the measured and simulgteur& of the titanium window between 3 and 7 GHz

The agreement is somewhat poorer for the coppér when the wavegmde IS termm_ated_ with a matched
window: we believe that this comes from the fact that the 102d; @ pure travelling wave exists in the system and
dimensions were measured manually in this case, whereas &/l €lements see the same electric field that is, for a
the dimensions of the titanium window were measured 9iven input power, 4 times less than the maximum
with a 3D machine field in the standing wave case.

The modulator is simply made of a big capacitor, so that

S HIGH POWER TESTS OF THE the repetition rate is limited to 0.1 Hz. The high voltage
"TITANIUM WINDOW" produced by the discharge of this capacitor is naturally

not flat. In order to have a flat top RF pulse, one has

5.1 The test stand therefore to control the shape of the RF drive pulse,

Th tand h readv b d ibed in ref which is done by a feedback loop. The klystron itself can
€ power stand has already been described In relerenieg, o more than 1 MW, but in the present configuration,

[1] and [2]. It consists of a power source (THOMSONIhe maximum available power (for a flat top pulse
Klystron TH2086A) feeding a long _Waveguide as Shov‘"&epends on the frequenc‘;/ and r()ulse durationF.) Al?t 13())0

. . X ﬂle, one can reach 1.7 MW for 0.5 ms and only 1 MW
(window, tapered line, bellow, ...) are inserted betwee]Q)r 1ms

two waveguide to coax transitions. If one of these

transitions is an antenna type transition, it is possible to.l.he waveguide between the exit of the klystron and a
test an entire coupler. This stand has two Operaﬂon‘?l—IOMSON TH20141A window is at atmospheric

modes: S o . pressure. Between this window and the short or another
 when the waveguide is short-circuited, a standm%

i _ tablished. which that indow in front of the load, the waveguide is under
wave patiern 1S established, wnich means that €agh ., The vacuum is obtained through two ion pumps
element sees a different value of the electric field. B

ing the f it i ible © th (150 I/s) located on each side of the travelling wave
var)_/;_ng fethrequzncy, fl thls plosil_ ef_ ?d mlove th(?/vindow. The vacuum levels are directly read from the
position of the nhodes of he electric hield along t ump currents and used as a diagnostic tool. The value of
line, and therefore test the elements under all fiel e vacuum level just before the RF pulse and the

values. According to the lengih of the Wavegu'd(?naximum value reached after the RF pulse are recorded
(around 5 m), the necessary frequency span to havei?rzi’la log file for each RF pulse

complete field variation at the position of the elemen
under test is around 40 MHz.
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Figure 5: Schematic of test stand showing instrumentation

In order to test the coupler in a more realistiditanium window, the antenna waveguide to coax
environment, a liquid nitrogen cryostat was built [2]. Ittransition and the "cold box" is given on figure 6.
allows one to maintain the window under test at aroundThe test stand is equipped with RF and electron pick-
100K thus roughly reproducing what is happening in thaps to measure simultaneously the electric field and the
TESLA coupler. This situation allows us to test theelectron current, and with photomultipliers (PM) to
mechanical behavior of the window, to measure thermagcord the light produced during the RF pulses. The
losses and to check if RF conditioning at cold temperatuprecise location of these diagnostics is indicated in figure
is or is not different from that at room temperature. %. The electron pick-ups are polarized with a positive
photograph of the inside view of the cryostat, showing theoltage of 50 V. The PM and electron signals, together

Figure 6: View of the window and coax to waveguide
transition.

with RF signals coming out of the detection diodes, are
sampled at 100 kHz.

The test stand is fully computerized, through a personal
computer running a LABVIEW application. Digitized
signals and signal history are displayed on the LABVIEW
screen. Altogether, around 70 parameters are stored for
each pulse (this number can vary slightly depending on
the test being done) for off-line processing and analysis.
This storage produces around 12 Mo of data per day. For
a typical coupler experiment as presented in this paper,
one has between 50,000 and 500,000 pulses, i.e. between
60 and 600 Mo of data. For the analysis of the
experiment, it is important to access all these data at the
same time, in order to be able to make cross correlation
and try to explain the origin of phenomena. Due to this
huge amount of data, we found that the most suitable post
processor software is PAW [18] which was developed at
CERN for high energy physics experiments. A Fortran
program calling the HBOOK [19] library is first used to
fill the "ntuples" which are then analyzed with PAW. At
this stage the data using binary encoding, needs around
30 Mo of disk space per 100,000 pulses.
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5.2 Conditioning ;
: : _ _ _ £ o0 |
Prior to mechanical assembly, all the pieces including tt o ;
window were baked at 300°C for 4 hours in a vacuur § 800 [
furnace. After assembly and leak test, the window an f '
neighboring elements (such as waveguide to cos
transitions, ions pumps, coaxial conductors and wavi gy £
guides) were baked in-situ up to 120°C for one weel
Calibration of thermal responses of temperature prob¢ 500
were conducted for a week. Such a long time is necess: 4,
because the thermal equilibrium can only be reached aft .
more than 12 hours. Since the RF conditioning starte 300 |
three weeks after the vacuum sealing, and two weeks af :
the end of the baking, the initial vacuum on both sides ¢ :
the window was 5 I0mbar. Due to a leak in a valve on 100
the cryogenic system, a flow of liquid nitrogen was : ]
continuously cooling the window, so that while RF % N
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conditioning (under TW), the window was at 220 K. Number of pulses

The conditioning procedure is established as follows: aFigure 7: First conditioning of the window up to 1 MW
RF power pulse of 0.8 ms is applied to the window. If incident power
electron, or PM or vacuum signals are higher than given
thresholds, the power is switched off by hardwarenis first conditioning, the window was operated 24 hours
interlocks. These thresholds are chosen as fO||OW§_Zday for almost three months, according to the sequence
electron threshold: 5 mA, PM threshold: approximatelyescribed in table 1, accumulating 483,000 pulses.
10° photons, vacuum threshold calleg, Y, :10° mbar.
Electron and PM interlocks are fast|(§) and can switch  Table 1:0perating sequence of TW "titanium" window
the power during the pulse. Vacuum interlocks can orgy
react on the following pulse. In order to speed up tqé\lumber Power level Tempera- Comment
conditioning process, and owing to the fact that o '.pf pulses (kw) , ture (K) .
repetition rate is very low, it was decided not to wait for Travelling wave operation —
the next pulse to switch back on the RF power, in the caéa:200 | 0-1000 230 conditioning
it was switched off by one of the fast interlocks. Power i.700 0-400 250
switched back on after a 3% delay. In the case of very 8,800 400-650 250
fast rise time of electron or PM signals, one can have|#8.000 | 300-1000 | 250
much as 10 successive micropulses, within a normal 029,600 | 500-1000 | 250

ms pulse. Standing wave operation
In order to allow the increase of power, one has to fulfi#4,400 | 0-1000 230
two conditions : for two consecutive pulses, the3,000 0-1000 236>105] cooling
outgassing during the pulse should be less than a lij 7,000 1000 105
V,.. chosen by the operator (usually’Ifibar), and the {26,000 |0-1000 105
power should not be switched off by the fast interlock.| 12,000 | 1000 105
these conditions are fulfilled, a power increment of 10 kW Travelling wave operation
is applied. If the vacuum outgassing is larger thap V [15,000 |0-1000 105
but the vacuum level is lower than, Y., , the power is [ 4 000 100 175 Window baking
kept constant. If it is higher than, V., . the power is 271 000 |0-1000 105
decreased by 10 kW. When the power reaches 9,000 1000 105 Losses
maximum power range allowed by the operator, t measurement
ramping is started again from the beginning. After 13.000 |0-1000 105
while, the authorized maximum power range is increas 297 000 0-1000 250
The following maximum power ranges were used in t"f8,000 1000 2585300

present case: 200, 500, 800 and 1000 kW. The maxim
power of 1 MW was reached_ after_21,000 pulses_, whi 33.000 |500-1000 | 105
corresponds to 58 hours and is equivalent to 35 minute 7 000 0-1000 300
10 Hz operation. Figure 7 shows the power rampi".g 600 1000 300
achieved for the first conditioning of the window (The-

pulses 7,500 to 10,000 were used to obtain the SWR 2§.000 700-800 300
the system in the whole possible frequency range). Aft&000 1000 300

22,000 | 0-1000 300
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0 2500 5000 7500 10000 12500 15000 17500 20000
Number of pulses

on the left, downstream on the right.

Downstream vacuum (mbar)

Downstream photomultiplier (V)

Downstream electron PU (V)

-6
10
-7
10 ¢
-§
10
ol
m'q.‘.‘l‘.‘.\.‘..|‘.‘.|...‘|....|....|.‘..|.
0 2500 5000 7500 10000 12500 15000 17500 20000
Number of pulses
lﬂ_t
[ 3%
l:—%%,»
.
%'s,.
-1 e
10 | # T
10 Lot b b b b b b 1

10

0 2500 5000

7500 10000 12500 15000 17500 20000
Number of pulses

10

0 2500 5000

7500 10000 12500 15000 17500 20000
Number of pulses



10y T :
n S ) -

Upstream photomultiplier (V)

10

'
ey

s b b b b b b b a baa
105100200 300 400 500 600 700 800 900 1000
Power (kW)

10

Upstream electron PU (V)

10 -

'
ey

s b b b b b b b a baa
105100200 300 400 500 600 700 800 900 1000
Power (kW)

10 ¢

10 -

Downstream photomultiplier (V)

[FEITETS AN AT AT ARTAVIS A A A
600 700 800 900 1000
Power (kW)

10-2...\IH..I....I\.HI....I..\.
0 100 200 300 400 500

10 ¢

Downstream electron PU (V)

m;'

-
v b b b b Py b b B w g by
1075700 200 300 300 500 600 700 %00 900 1000

Power (kW)

Figure 9 : Photomultiplier and electron signals during the first conditioning as a function of incident RF power.

5.3 Analysis of conditioning period

We first present the results obtained during the first powér
ramping which lasted for 21,000 pulses. Figure 8 shows
electron, light signals and vacuum outgassing, as a
function of the number of pulses. The same signals are
shown as a function of input power on figure 9. The

following remarks are worth noting:

» All signals are intense at low power (below 200 kW),
but the corresponding phenomena are rapidly

with the normal processing of a new component

exposed to RF.

The light detected by the upper PM looking towards

the doorknob waveguide to coax transition, increases
smoothly with the power for values larger than 400

kW. This phenomenon has already been observed in
previous experiments, and is the signature of

something happening in the doorknob transition,

between the short-circuit and the doorknob. Very

large signals (10 V) indicate a saturation of the PM

associated with a spark inside the transition. A

processed. Since they are seen by all detectors, they detailed analysis of the signal in this power range

are most likely related to the coaxial line. They
probably correspond to weak multipactor barriers, but
also to small arcing and field emission associated

reveals the presence of another phenomenon that
produces a much smaller signal, as will be explained
in the following subsection.
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Figure 10 : Downstream electron and upstream PM signals during the first power cycling.

e The upstream electron pick-up reveals a small (< 100
mV) signal between 200 and 400 kW. This signal is Table 2 : Barriers found during power ramping
only 100us long, as opposed to the signal between 0

and 200 kW which lasts between 500 and $80 Barriers found on vacuum Barriers found on PM
This non-zero electron signal is obtained during the signals (kW) signals (kW)
first ramping between 200 and 400 kW, 435 410
corresponding to pulses 11,000 to 15,000 as shown|in 490 515
figure 7. The interpretation of this signal which is no 555 555
seen on other diagnostics is difficult. Moreover, i 585 -
was found later on, that one of the cable connectirjg 645 635
this pick-up to its amplifier was defective. 705 715

e On the downstream side of the window, the electron 745 745
pick-up signal exhibits several barriers. Many o 860 860
them are quickly processed away as will be shown 940 960
the following subsection. These signals could come 1005 990

from the window cavity and/or the coaxial line.

Knowing that the power ramping steps are 10 kW and

5.4 First power cycling owing to the fact that the signals are very small, the two

sets of barrier levels are in a reasonable agreement. The
Once the power has reached 1 MW, repetitive powghost probable interpretation of these measurements is
ramping between 0 and 1 MW is done. Figure 10 presenfgt the smoothly varying PM signal corresponding to
the results corresponding to the first sets of these powgsry small outgassing comes from the doorknob
ramps, between pulse 21,000 and 25,000. Theansition, where the multipacting barriers are those of the
downstream light detector does not produce any signalsaxial line and/or the bellows present in this line.
The upstream PM still shows the behavior described
earlier, typical of the doorknob transition, while on théb.5 Steady state operation

downstream pick-up signals, only 3 barriers remain (55%(fter the conditioning period and the first few power

700 and 1000 kW), which are also present on the vacuum . .
. ramps, the test stand was operated in the standing wave
outgassing, not shown here. A close look to the upstream
; . . . mode. The results are not presented here as, due to a poor

PM signal reveals discrete barriers superimposed on a . . : .
. ) ) . matching of the system, the standing wave operation was
smoothly increasing signal. These barriers are clearly seen.

. ; . ; uite difficult to analyze. However, its main result was to
on figure 11 where the smoothly increasing S|gna;i]

obtained by a parabolic fit has been subtracted from tgte:!)éot%ocszs i;hep&oz:kzglb bzt;;r;sn(l;g;i Sgar:;h datwrt:;]
PM signal, that has then been averaged. Figure 12 shows y varying g y PP

. . g9ing back to the travelling wave operation. The window
the same barriers on the vacuum outgassing. Table - . .
: . - was then operated again in the travelling wave regime for
summarizes the barriers found on the 2 signals.



02 i +H single one, at the level of the detector sensitivity. The
0.18 - + very small signal above 900 kW is the remaining

[ sign of the smoothly increasing signal from the
doorknob transition.
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=
2
s
=E’ 014 [ * The electron pick-ups and the downstream PM do
S " + not detect any signals. On the downstream side, the
2 012 ] vacuum outgassing as a function of the power reveals
; 0.1 : the same multipactor barrier at 700 kW already
= T observed during the conditioning (figure 10). This
E 008 [ barrier, corresponding to multipactor inside the coax
=3 . % line, is the hardest to process. However the level of
= 0.06 | & + + outgassing is so small (3-4 d@nbar) that it is not
i 5'. ’ A + + harmful.
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Figure 11 : Upstream PM signal with smoothly therefore not possible io measure them.

varying component subtracted, showing
multipactor barriers.
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Figure 12 : Upstream outgassing signal,
showing multipactor barriers. 6 CONCLUSION

The window presented in this paper is one of the first (if
more than 200,000 pulses, both at room temperature angt the first) coaxial TW window. It was shown that this
at 100 K. The results for these two conditions ar@indow could be rapidly processed. It was then
basically the same, except for the outgassing which iiccessfully operated for several months, both at room

slightly higher at room temperature. N temperature and at 100 K, at a power level up to 1 MW
At the end, when the window is fully conditioned, ong(limited by RF source). The window did not exhibit any
can hardly detect any signals: strong multipacting barriers during the conditioning

» The upstream PM shows a very weak signal (< 20feriod and no multipacting at all after conditioning. The
mV) between 600 and 1000 kW as shown in figurgopper version of the window will be tested in the near
13. The coaxial line multipacting barriers recorded ifuture.
table 2 disappear progressively. The last ones to be
seen clearly are 650, 700 and 750 kW. When the
signal is below 200 mV, these barriers merge into a
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